Abstract: Foundry sand waste can be utilized for the preparation of concrete as a partial replacement of sand. The strength properties of M25 grade concrete are studied with different percentages of replacement of fine aggregates by foundry sand at 0%, 10%, 20%, 30%, 40%, and 50%. The optimum percentage of foundry sand replacement in the concrete corresponding to maximum strength will be identified. Keeping this optimum percentage of foundry sand replacement as a constant, a cement replacement study with mineral admixtures such as silica fume (5%, 7.5%, 10%) and fly ash (10%, 15%, 20%,) is carried out separately. The maximum increase in strength properties as compared to conventional concrete was achieved at 40% foundry sand replacement. Test results indicated that a 40% replacement of foundry sand with silica fume showed better performance than that of fly ash. The maximum increase in strengths was observed in a mix consisting of 40% foundry sand and 10% silica fume. SEM analysis of the concrete specimens also reveals that a mix with 40% foundry sand and 10% silica fume obtained the highest strength properties compared to all other mixes due to the creation of more C-H-S gel formations and fewer pores.
INTRODUCTION
Fundamentally, concrete should be economical, strong, and durable. The construction industry recognizes that considerable improvements are essential in productivity, product performance, energy efficiency, and environmental performance. The industry will need to face and overcome a number of institutional competitive and technical challenges. One of the major challenges concerning 1 Professor, G. Pulla Reddy Engineering College, Kurnool, Andhra Pradesh, India 2* Research Scholar, Civil Engineering Department, G. Pulla Reddy Engineering College, Kurnool, Andhra Pradesh, Kumbhar et al. [4] investigated the various mechanical properties of concrete containing used foundry sand. The concrete was produced by replacing natural sand with UFS in various percentages (10%, 20%, 30%, and 40%). Based on the test results they concluded that (i) workability decreases with an increase in UFS content, (ii) at 28-days, the compressive and splitting tensile strengths for different replacement levels of UFS increased, whereas flexural tensile strength decreased for a UFS content of more than 20%, (iii) at 28-days, the modulus of elasticity values increase with a replacement of UFS up to 20%. They also concluded that UFS can be utilized in place of regular sand in concrete in up to about 20%.
Ranjitham et al. [5] investigated strength properties like compressive, split tensile, and flexural strengths of M75 grade of mixtures at 10% to 30% replacement of fine aggregate by foundry sand, along with cement replacement by mineral admixtures such as fly ash and GGBS slag at a waterbinder ratio of 0.3. Based on the results shown, a replacement of 30% UFS with 3% super plasticiser exhibited superior strength characteristics. They conclude that by varying the super plasticizer dose, workability can be reached. Mixes with 30% fly ash and 30% GGBS replacement showed better workability compared to other percentage replacements. The use of foundry sand and mineral admixtures improves the strength properties of concrete. A combination of UFS+GGBS showed better overall performance than UFS and fly ash. Jay Pandya et al. [6] investigated durability of concrete using supplementary materials such as foundry sand & slag. The alccofine is used in 10% and 15% by replacement of cement, and, the same time, the sand will be replaced with foundry sand at 10%, 20%, 30%, 40%, and 50% for all experimental work. Durability tests like RCPT, sulfate attack, sorptivity, rebound hammer, UPV, and compressive strength tests were carried out at 7, 28, and 56 days. Results showed that foundry sand increases the strength up to 20% replacement; as the percentage of foundry sand then increases, the strength and durability of the concrete decreases.
Konapure et al. [7] Test results showed that a 20% substitution of foundry sand results in an increase in compressive strength for both the M20 & M30 grade concrete when compared to mixes with natural sand, and then decreases as the replacement percentage increases.
Gurumoorthy et al. [8] investigated and found that UFS in concrete without proper treatment will reduce the binding and strength properties. In order to minimize iron content, the UFS was treated with acid. From this treatment, the silica in the foundry sand had been enriched -this is called Treated Used Foundry Sand (TUFS). This paper presents the results of an experimental investigation carried out to evaluate the microstructural and mechanical properties of concrete mixtures in which fine aggregate (river sand) was partially replaced with TUFS. Test results indicate a marginal increase in the strength properties and good microstructural properties of plain concrete with this inclusion of TUFS as a partial replacement of fine aggregate (sand). This will pave the way for making highquality concrete and convenient disposal of the UFS safely without disturbing the environment.
Pranita Bhandari et al. [9] investigated how to produce low-cost concrete. An experimental investigation was carried out on concrete containing waste foundry sand at 0%, 10%, 20%, 30%, 40%, 60%, 80%, and 100% replacement by weight for M25 grade concrete. Concrete containing foundry sand was tested and compared against conventional concrete in terms of workability, compressive strength, and acid attack performance. Cubes were cast and a compression test was performed on 3-, 7-, and 28-day old specimens for a mix of 1:1.01:2. Jayanthi Singaram et al. [10] investigated masonry units which are extensively used nowadays to reduce CO2 emissions and embodied energy rates. Long-term performance of such structures has become essential for sustaining construction technologies. This study aims to assess the strength and durability properties of concrete prepared with unprocessed bagasse ash (BA) and silica fume (SF).
A mix proportion of 1:3:3 was used to cast concrete cubes 100 mm in size. Results showed that there was a slight difference in mass loss before and after exposure to a chemical attack in all the cases examined. Though the appearance was slightly different than the normal concrete, residual weight was not affected. The compressive strength for 10% bagasse ash (BA) replacement with 10% SF as an admixture resulted in better strength than that of normal concrete.
Mahdi Mahdikhani et al. [11] experimented with how mineral admixtures such as silica fume affect the mechanical properties and durability of cementitious materials. In addition, the superior performance of self-consolidating concrete (SCC) and self-consolidating mortars (SCM) over conventional concrete is generally related to their ingredients. This study investigates the effects of nanosilica and silica fume on the compressive strength and chloride permeability of self-consolidating mortars. Tests included compressive strength, the rapid chloride permeability test, a water permeability test, a capillary water absorption test, and surface electrical resistance testing, all which were carried out on twenty mortar mixtures containing 0-6% nanosilica and silica fume. Results show that SCMs incorporating nanosilica had higher compressive strengths at various ages. In addition, results show that nanosilica enhanced the durability of the SCMs and reduced their chloride permeability.
EXPERIMENTAL STUDY

MATERIALS
Ordinary 53 grade Portland cement (Zuari brand) confirming to IS 12269 -1987 norms was used; its properties are given in Table 1 . The properties of the fly ash (FS) and silica fume (SF) are given in Table 2 . Locally available river sand was used as a fine aggregate. Foundry sand was used as a fine aggregate replacement in this study. Physical properties of the fine aggregate, foundry sand, and coarse aggregate are given in Table 3 . 
PREPARATION AND CASTING OF SPECIMENS
Various concrete specimens -cubes (150mm X 150mm X 150mm) to determine compressive strength, cylinders (150mm in diameter and 300mm in length) to determine split tensile strength, and beams (10mm X 10mm X 50mm) to determine flexural strength -were cast. All specimens were prepared in accordance with Indian Standard Specifications IS 516-1959. Care was taken that no gaps were left in areas where any possibility of slurry leakage could occur. Vibrations were stopped as soon as cement slurry appeared on the top surface of the mould. For each mix, 3 cubes, 3 beams, and
3 cylinders were cast and tested for their respective strengths. The average of 3 measurements for each sample is considered as the final value for their respective strengths.
EXPERIMENTAL PROCEDURE
An experimental investigation was carried out with reference to a concrete mix of M25 grade concrete. Twelve mixes were prepared. A reference mix (RC) was prepared for M25 grade of concrete per IS: 10262-2009. Five concrete mixes (RC, FS10, FS20, FS30, FS40, FS50) were prepared where the fine aggregate was replaced with 10%, 20%, 30%, 40%, and 50% foundry sand by mass, respectively. It was observed that concrete with 40% FS replacement attains maximum strength properties. Hence, the 40% FS replacement was kept constant, and a cement replacement study was carried out separately; mineral admixtures such as fly ash at 10%, 15%, 20% (FA10+FS40, FA15+FS40, FA20+FS40) and silica fume at 5%, 7.5%, 10% (SF5+FS40+SF7.5+FS40,SF10+FS40)
were added in. A number of trial mixes were prepared for the available materials such as cement, coarse aggregate, and fine aggregate, starting with a water-cement ratio of 0.5. Finally, we arrived at the target strength of M25 grade mix at a water-cement ratio of 0.47. Hence, a water-cement ratio of 0.47 was used throughout the study. Component proportions of all mixes are shown in 
RESULTS AND DISCUSSIONS
FRESH CONCRETE PROPERTIES
The workability of fresh concrete is a composite property which includes the diverse requirements of stability, mobility, compatibility, place ability, and finishability. A compaction factor test is based on the definition that workability is a property of concrete which determines the amount of work required to produce full compaction. Compaction factor tests were performed per BIS: 1199-1959. These tests were conducted on different mixes and their results are shown in Table 4 . It was observed that as the percentage of foundry sand replacement increased, its workability decreased. 
COMPRESSIVE STRENGTHS OF CONCRETE
The compressive strength of the reference mix (RC) and all other mixes prepared using foundry sand, fly ash, and silica fume is shown in Table 5 .
An increase in compressive strength was observed gradually up to 40% fine aggregate replacement, 
SPLIT TENSILE STRENGTHS OF CONCRETE
The split tensile strengths of the reference mix (RC) and all the other mixes prepared using foundry sand, fly ash, and silica fume are shown in Table 5 .
It was observed that an increase in split tensile strength was observed gradually up to 40% fine aggregate replacement, and then the strength values decreased. A maximum split tensile strength of 3.40 N/mm 2 was obtained at 40% foundry sand replacement. The maximum split tensile strength obtained with the FS40 mix (40% foundry sand) was 23.6% more than the reference mix. Variations of the split tensile strengths are shown in Figure 3 .
The split tensile strengths were studied with a combination of 40% foundry sand and 10%, 15%, and 20% fly ash replaced with cement. The mix with 40% foundry sand and 10% fly ash obtained the maximum strength value among all fly ash replacements. It was observed that as the fly ash percentage in concrete increased, its split tensile strength decreased. A mix with 40% foundry sand and 10% fly ash (FA10+FS40) obtained a split tensile strength 3.04N/mm 2 , which was 10.5% more than the reference mix (RC), but it was a lower strength value than that of the mix with 40% foundry sand alone (FS40).
The split tensile strength of M25 grade concrete was studied with a combination of 40% foundry sand and 5%, 7.5%, 10% silica fume replaced with cement. The mix with 40% foundry sand and 10% silica fume obtained the maximum strength value among all silica fume replacements. It was observed that as the silica fume percentage in concrete increased, its split tensile strength increased as well.
The mix with 40% FS replacement and 10% silica fume (SF10+FS40) replacement obtained a split tensile strength of 3.74N/mm 2 , which was 36% more than the reference mix. Variations of the split tensile strengths of concrete with 40% foundry sand and different percentages of fly ash and silica fume are as shown in Figure 4 .
Flexural Strengths of Concrete
The flexural strength of the reference mix (RC) and all other mixes is shown in Table 5 
SEM ANALYSIS
To study the effects of foundry sand replacement along with mineral admixtures like fly ash and silica fume on concrete specimens, SEM analysis was conducted to identify the changes in the microstructures of the concrete. Specimens were examined at 2 µm and 3 µm microstructural images. In Figures 8 and 9 SEM images of the sample cast with 40% foundry sand and 10% fly ash (FA10+FS40) and 40% foundry sand with 10% silica fume (SF10+FS40) can be seen. Figure 9 indicates a 3 µm micrograph of the concrete sample with 40% foundry sand and 10% fly ash in cement (FA10+FS40) showing the number of C-H-S gel with large small pores resulting in increased strength as compared to the other mixes. Figure 10 indicates a 2 µm micrograph of the concrete sample made with 40% foundry sand with 10% silica fume (SF10+FS40) depicting a densely formed C-H-S gel with a lower number of small pores leading to maximum strength among all mixes evaluated in the present study.
CONCLUSION
Based on the above research, the following observations are made regarding the strength properties of concrete with partial replacement of fine aggregate by foundry sand and of cement by mineral admixtures such as fly ash and silica fume:
• As the percentage of foundry sand increased, its workability decreased.
• As the percentage of foundry sand increased, strength properties like compressive strength, split tensile strength, and flexural strength all increased up to the 40% replacement ratio, and then decreased.
• Keeping 40% as the optimum percentage of FS replacement in further experiments, mineral admixtures like fly ash (10%, 15%, 20%) and silica fume (5%, 7.5%, 10%) were tested.
• The concrete mix with 40% foundry sand and 10% silica fume obtained the highest strength properties compared to all other mixes.
• The concrete mix with 40% foundry sand and 10% fly ash obtained higher strength properties than the reference mix.
• Based on experimental results it is observed that there is more improvement in the strength properties of concrete when incorporating foundry sand and silica fume than when using a combination of foundry sand and fly ash.
• SEM analysis of the concrete samples reveals that the concrete sample with 40% foundry sand replacement and 10 % silica fume replacement obtained the highest strength properties due to the densely formed C-S-H gels and a meagre number of smaller pores.
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